A retrospective cohort study was conducted with an intracytoplasmic sperm injection (ICSI) group and a naturally conceived comparison group. A total of 1655 singleton and 1102 twin ICSI births were studied with regard to perinatal outcome. Control subjects (naturally conceived pregnancies) were selected from a regional registry and were matched for maternal age, parity, place of delivery, year of birth and fetal sex. The main outcome measures were duration of pregnancy, birth weight, Apgar score <5 after 5 min, neonatal complications, perinatal death and congenital malformations. Twin births, when compared with singletons, carry a much higher risk of poor perinatal outcome. For both ICSI singletons and ICSI twins, no significant difference was found between ICSI and naturally conceived pregnancies for all investigated parameters. After excluding likesex twin pairs, ICSI twin pregnancies were at increased risk for perinatal mortality (OR = 2.74, CI = 1.26-5.98), prematurity (OR = 1.38, CI = 1.10-1.75) and low birth weight (OR = 1.34, CI = 1.06-1.69) compared with spontaneously conceived different-sex twin pairs. In conclusion, the perinatal outcome of ICSI singleton and twin pregnancies was very similar to that of spontaneously conceived pregnancies in this large cohort study. After excluding like-sex twin pairs, ICSI twins were at increased risk for prematurity, low birth weight and higher perinatal mortality compared with the natural conception comparison group.
Introduction
The increasing availability of assisted reproductive technologies during the past 20 years has been the subject of public debate, not least because of the ethical implications, the high cost associated with these treatments, inequalities in access to infertility services, and safety. IVF and intracytoplasmic sperm injection (ICSI) were introduced into medical practice with little formal evaluation of their effects on the perinatal outcome and long-term health of the children born following these techniques. The first retrospective studies from IVF registries were reassuring (National Perinatal Statistics Unit and Fertility Society of Australia, 1988; Beral et al., 1990) , although some reports mentioned a higher incidence of major birth defects when IVF and ICSI pregnancies were compared with the general population or a matched group of naturally 244 Article Perinatal outcome of ICSI pregnancies compared with a matched group of natural conception pregnancies in Flanders (Belgium): a cohort study conceived pregnancies (Lancaster, 1987; Bergh et al., 1999; Wennerholm et al., 2000; Hansen et al., 2002; Koivurova et al., 2002a; Strömberg et al., 2002) . In contrast, two other studies did not show any difference in birth defects (Ericson and Källén, 2001; Anthony et al., 2002) .
Today, more than 25 years after the birth of Louise Brown, there is a public belief that the perinatal outcome of pregnancies following assisted reproduction is substantially worse when compared with normally conceived pregnancies. This can partly be explained by the higher rate of multiple births, which in turn is associated with a higher rate of perinatal mortality and morbidity (Luke and Keith, 1992; Gissler et al., 1995; ESHRE Capri Workshop Group, 2000 Blickstein, 2003; Ombelet et al., 2005) . Indeed, pressure to achieve higher pregnancy rates in infertility treatment has resulted in an unacceptably high multiple pregnancy rate. In the United States, multiple pregnancy occurs after almost 40% of IVF and ICSI cycles (ASRM/SART, 2000 , 2002a Katz et al., 2002) . The European Society of Human Reproduction and Embryology (ESHRE) reported a figure between 26 and 29% based on European data on assisted reproduction technology from 1997 until 2000 Andersen, 2001a,b, 2002; Andersen et al., 2004) . Although success with IVF treatment is surely linked to the number of embryos transferred (Elizur et al., 2005) , a policy of single embryo transfer in stimulated cycles becomes more popular and is nowadays the most efficacious measure to reduce the incidence of multiple pregnancies in Europe (Gerris et (2004) reported a significantly poorer perinatal outcome for singleton assisted reproduction pregnancies when compared with pregnancies after natural conception. For twin pregnancies, perinatal mortality was significantly lower for assisted reproduction twins. To explain this, it is postulated that in the case of twin pregnancies, the outcome is mainly determined by chorionicity (Sebire et al., 1997) . Monochorionic twins carry the highest risk of a poor outcome. Approximately 20% of all twins are monochorionic and the proportion is higher in spontaneously conceived twins (30%) compared with assisted reproduction twins (3.7-7%) (Derom et al., 2001; Lambalk and Van Hooff, 2001 ). In a meta-analysis performed by Jackson et al. (2004) , it was shown that compared with spontaneous conceptions, IVF singleton pregnancies were associated with a significantly higher risk for perinatal mortality, preterm delivery, low birth weight, very low birth weight and small for gestational age. Placenta praevia, gestational diabetes, pre-eclampsia, and neonatal intensive care admission were also significantly more prevalent in the IVF group. In another meta-analysis, the risk of preterm birth (<37 weeks) in singleton pregnancies resulting from IVF and GIFT (gamete intra-Fallopian transfer) was twice that of natural conceived pregnancies (McGovern  et al., 2004) .
The reason why perinatal health problems occur more frequently in assisted reproduction pregnancies is still unknown, but could be the result of several factors such as invitro technology, the medication used in assisted reproduction programmes, or the infertility itself (Lambert, 2003) .
With the introduction of ICSI in 1992 (Palermo et al., 1992) , even severe male subfertility could be treated successfully. From the early beginning ICSI was considered as a more risky procedure. These risks are classified as ICSI proceduredependent risks, such as the penetration of the zona pellucida and oocyte cytoplasm, and ICSI procedure-independent risk factors, such as the cause of infertility and the use of spermatozoa that normally cannot achieve fertilization, sometimes obtained directly from testis or epididymis (Patrizio, 1995; Bonduelle, 2003 , Dafopoulos et al., 2005 .
On the other hand, IVF-ICSI can be used to avoid disease transmission in HIV-1 serodiscordant couples desiring children. This method appears to be safe, and yields high rates of pregnancy (Chu et al., 2005) .
To investigate the possible risks of ICSI on perinatal health, a retrospective cohort study was conducted of 430,565 births in the Dutch-speaking part of Belgium (Flanders) between January 1997 and December 2003. A total of 1655 singleton and 1102 twin births after ICSI was found and compared with a matched group of 3278 and 2163 spontaneously conceived singleton and twin births respectively. Perinatal health variables between ICSI singletons and twins were also compared.
Materials and methods
To perform this retrospective analysis, the data from the 'Studiecentrum voor Perinatale Epidemiologie' (SPE) were used. The SPE collects data on the course of pregnancy, delivery and neonatal period of each birth in Flanders ≥22 weeks or with a birth weight ≥500 g (between 52 and 55% of all deliveries in Belgium). Full co-operation of all maternity departments in Flanders has been established since 1993. The data are based on questionnaires completed by obstetricians and paediatricians during the early neonatal period. For every birth, a total of 33 items are registered, completed with another 20 when the newborn is transferred to the neonatology unit. All data are sent to a data co-ordinator for review and completion. Corrections are assured by telephone calls, additional questionnaires or visits to local departments. Subsequently, the files are stored electronically. Each year, a complete analysis of the data is performed. This results in a yearly global regional report and an individualized report per obstetric unit. From 1997 onwards, a distinction has been made between IVF and ICSI pregnancies.
ICSI pregnancies (cases)
Out of 430,565 births and 422,441 deliveries between January 1, 1997 and December 31, 2003, 1655 singleton and 1102 twin pregnancies obtained with ICSI were selected.
Higher order multiple pregnancies were excluded from the study because of small numbers and lack of control subjects.
It was impossible to distinguish between ICSI pregnancies resulting from the transfer of cryopreserved or fresh embryos because this item was not included in the SPE registry. According to the data from the Belgian Register for Assisted procreation (BELRAP) and during the same study period, less than 10% of IVF and ICSI deliveries were the result of transferring frozen-thawed embryos.
Natural conception pregnancies (controls)
Naturally conceived pregnancies which were used as a matched control group to the ICSI pregnancies were computer-selected from the SPE registry according to the following criteria: natural conception, multiplicity of birth, the same place of birth, maternal age no more than 2 years apart from the case, same parity, delivery date no more than 1 year apart from the case, and the same fetal sex. For each ICSI pregnancy, the best possible match was selected. All selected control pregnancies were unique. For each ICSI pregnancy, two controls were elicited. In a few cases (32 or 1.9% of ICSI singletons and 41 or 3.7% of ICSI twins), only one control subject could be found due to the advanced matching criteria. For twin pregnancies the results after matching for zygosity by excluding like-sex twin pairs were also studied. It is important to realize that it was not possible to match for other important variables influencing pregnancy outcome, such as social class and smoking habits.
Main outcome measures and definitions
The main outcome measures for this study were gestational age, birth weight, Apgar score <5 after 5 min, admission to neonatal intensive care unit (NICU), congenital malformations, perinatal mortality and perinatal morbidity including intracranial bleeding, convulsions, need for assisted ventilation and respiratory distress syndrome (RDS).
Birth weight >2500 g was defined as normal, <2500 g was defined as low (LBW) and <1500 g was defined as very low (VLBW). With respect to gestational age, a distinction was made between term (>37 weeks), preterm (<37 weeks) and extreme preterm (<32 weeks) births. Birth weight discordance was defined as the weight difference between the pair of twins, expressed as a fraction of the birth weight of the largest child.
Stillbirth is the birth of a dead child >500 g, and neonatal death is the death of a live born child >500 g within 7 days after birth. The perinatal mortality rate is the sum of stillbirths and neonatal deaths over the total number of live and stillbirths. Only minor and major congenital malformations, recognized during pregnancy or during hospitalization in the neonatal period, were reported. Minor and major malformations were not differentiated.
Statistics
The Mann-Whitney U-test was used to test group differences in parity, duration of pregnancy, birth weight, and age of mother. This test is a non-parametric analogue of the unpaired Student's t-test, and uses the ranks of the observations to derive the test statistic. Dichotomous data (such as GA <37 weeks) were summarized in contingency tables, and the resulting log-odds ratio, together with the corresponding 95% confidence limits, was used to make inferences. A difference at the 5% level of significance was considered as the threshold of probability.
Results
Out of 430,565 births from 422,441 pregnancies between January 1, 1997 and December 31, 2003, a total of 1655 (0.38%) singleton and 1102 (0.26%) twin pregnancies following ICSI were found.
Singleton pregnancies
Data on perinatal outcome of 1655 ICSI and 3278 naturally conceived singleton pregnancies are summarized in Table  1 . Parity and maternal age were similar in both study and control subjects. The small difference of 0.2 weeks for gestational age (mean gestational age was 38.6 weeks for the ICSI group versus 38.8 weeks for the natural conception group) was statistically significant, and could explain the 41 g difference for birth weight between the groups studied. However, the clinical relevance of these small differences is probably negligible. The congenital malformation rate was similar (2.1%) in both groups. There was no significant difference for any of the other major outcome measures although a poorer perinatal outcome was observed more often in the ICSI group. The perinatal mortality of ICSI pregnancies was 1.2% compared with 0.7% for natural conception pregnancies, although the difference was not statistically significant (Table 1) .
Twin pregnancies
As shown in Table 2 , there was no significant difference for all variables studied (general and perinatal data) between the ICSI (1102 births) and the control group (2163 births). The congenital malformation rate was similar for ICSI (3.1%) and controls (3.0%).
To exclude any bias due to an overrepresentation of monozygotic twins in the control group, data were reanalysed and all single sex twins were excluded. Using this matching technique, only 470 ICSI birth were left for comparison with 907 control births ( Table 3) . In this selected group, a higher rate of low birth weight (63.4 versus 56.4%, OR 1.34, CI 1.06-1.69) and prematurity (61.7 versus 53.8%, OR 1.38, CI 1.10-1.75) for the ICSI group was observed compared with the naturally conceived group. These findings relate to the higher mean birth weight in the control group (ICSI: 2289 ± 574 g; naturally conceived group: 2349 ± 586 g; P = 0.02). The ICSI group was not at increased risk for very low birth weight (<1500 g) and extreme prematurity (<32 weeks). A higher perinatal mortality rate of 3.8% in the ICSI group compared with 1.4% in the control group (OR 2.74, CI 1.26-5.98) was also observed. Both stillbirth and neonatal death were observed more frequently in the ICSI group compared with controls, and this difference was significant for stillbirth (2.1 versus 0.8%; OR = 2.80, CI = 1.06-7.39), but not for neonatal death (1.7 versus 0.7%; OR = 2.60, CI = 0.90-7.54).
Singleton versus twin pregnancies
Comparison between the perinatal data of 1655 ICSI singleton and 1102 ICSI twin births showed a highly significant difference in outcome for almost all parameters (P < 0.001 or P = 0.003), with the exception of rates of congenital malformation rate, low Apgar score, neonatal death and neonatal convulsions (Table 4) . There was a highly significant difference between singletons and twins in gestational age (38.4 ± 2.2 weeks, versus 35.4 ± 3.0 weeks, P < 0.001) and mean birth weight (3227 ± 585 g versus 2317 ± 591 g, P < 0.001).
Article -Perinatal outcome of ICSI pregnancies -W Ombelet et al. (Bonduelle et al., 1994 (Bonduelle et al., , 1995 (Bonduelle et al., , 1996 Palermo et al., 1996; Wennerholm et al., 1996) . Tarlatzis and Bili (2000) showed similar perinatal outcome for IVF and ICSI pregnancies for congenital malformations, although the sex chromosomal aberration rate was slightly elevated for ICSI babies. However, more recent reports provided less reassuring results. Hansen et al. (2002) reported that assisted reproduction conceived infants have a 2-fold risk of a major birth defect compared with naturally conceived infants. A statistically significant increase in sex chromosome aberrations (de-novo chromosomal anomalies) was reported in a large series of prenatal tests in ICSI pregnancies (Bonduelle et al., 1998 (Bonduelle et al., , 2002 (Bonduelle et al., , 2005 , although no increased risk for major malformations and neonatal complications was observed in the ICSI group compared with the IVF pregnancies (Bonduelle et al., 2002) . Wennerholm et al. (2000) reported a higher rate of congenital malformations in ICSI children when compared with the general population. The increased rate of congenital malformations was mainly the result of a high rate of multiple births. The only malformation that was found to occur more frequently in ICSI children was hypospadias, which may be related to paternal subfertility. According to the results of a prospective, controlled, nationwide German cohort study of more than 3000 ICSI births, the major congenital malformation rate was increased after ICSI compared with natural conception (Kataliniç et al., 2004) . When 5-year-old ICSI children were compared with children born after natural conception, ICSI children showed no increase in growth problems (Bonduelle et al., 2004) . Nevertheless, data on long-term problems are still inadequate, especially data on the fertility potential of post-pubertal children born after ICSI (Ludwig, 2005) . The debate on the safety of IVF and ICSI has now spread to rare disorders affecting genomic imprinting (Edwards and Ludwig, 2003) . The association between assisted reproduction and Beckwith-Wiedemann syndrome, Angelman syndrome and retinoblastoma has been reported ( In the present study, no difference was observed in the malformation rate between ICSI and control singleton children on the one hand and ICSI and control twin children on the other hand (Tables 1-3) . Compared with other reports, the incidence of congenital malformations was low. This may be partly the result of the method of data collection, which does not allow an exact estimation of malformations, since the registry is not standardized for this item and because minor and major malformations are not differentiated. The present data are also limited to the first 7 days after birth, and it is well known that some malformations (especially minor ones) may be detected later. As the analysis is retrospective, the findings depend on the methodology of registering the SPE database.
The congenital malformation rate is unfortunately not the only concern in ICSI pregnancies. Nowadays, there is a general belief that many obstetric and perinatal outcome figures are negatively influenced when assisted reproduction and even infertility itself is involved.
Considering perinatal health parameters, Schieve et al. (2002) compared a large series of assisted reproduction infants with the general population in the USA, and found a significantly higher incidence of low birth weight infants, not only because of the higher rate of multiple gestation, but also among singletons. Using the data of a systematic review, Helmerhorst et al. (2004) calculated a relative risk of 2.04 for preterm delivery (<37 weeks) and 3.27 for very preterm singletons (<32 weeks) for assisted reproduction pregnancies compared with naturally conceived pregnancies. According to the results of this systematic review, there is also an increased risk for both low birth (<2500 g, relative risk 1.70) and very low birth weight (<1500 g, relative risk 3.00) after assisted reproduction. Two other meta-analyses also showed an approximately 2-fold increase in preterm birth and/or low birth weight in IVF pregnancies (Jackson et al., 2004; McGovern et al., 2004) . In the present series there was no difference for preterm, very preterm, low birth and very low birth weight for singletons ( Table 1) .
A possible explanation might be that in this series only ICSI pregnancies were studied. ICSI is mostly used for severe male subfertility, and in the majority of these cases no female factor is involved. The indication for infertility treatment might be important for the perinatal outcome after assisted conception. Perhaps a structured review or meta-analysis considering only studies with ICSI pregnancies separated from other assisted reproduction pregnancies is warranted, based on the unexpected results of this study. In the present study, perinatal mortality for ICSI and control singletons was 1.2 and 0.7% respectively. This difference was not statistically significant ( Table 1) .
For assisted reproduction twin pregnancies, a 1.07 (1.02-1.13) relative risk was reported for preterm delivery in nine matched studies comparing assisted reproduction and control pregnancies, but no significant difference was observed for very preterm deliveries (Helmerhorst et al., 2004) . In contrast, a 1.12 (1.06-1.19) relative risk for low birth weight was found for controls versus assisted reproduction twin pregnancies. In contrast to the results of that study, our retrospective cohort study on a selected group of ICSI pregnancies did not show any difference in preterm and very preterm delivery in ICSI versus natural conception twins (Table 2) . However, after matching for zygosity by excluding like-sex twin pairs, a significantly higher incidence of preterm delivery (61.7 versus 53.8%, OR 1.38, CI 1.10-1.75) and low birth weight (63.4 versus 56.4%, OR 1.34, CI 1.06-1.96) was observed in the ICSI group (Table 3) .
Compared with singletons, perinatal mortality rates rises dramatically in multiple pregnancies. Most matched studies show a lower mortality rate after assisted reproduction compared with natural conception (Helmerhorst et al., 2004) , probably because after assisted reproduction, in the majority of cases, more than one embryo will develop and this implantation advantage may account for the smaller difference in outcome between assisted reproduction and natural conceptions in twins compared with singletons. As shown in Table 2 , perinatal death rate was comparable between study and control subjects (3.09 versus 2.68%, difference not significant) before matching for zygosity. After excluding same-sex twin pairs, a significantly higher perinatal mortality of 3.8% was observed in the ICSI group versus 1.4% in controls (OR 2.74, CI 1.26-5.98) ( Table  3) . This was not only due to a higher stillbirth rate, but also because neonatal mortality was increased in the ICSI subjects.
Comparing the rate of admission to the neonatal intensive care unit (NICU) between assisted reproduction and control pregnancies, most studies report a statistically higher rate of NICU transfers after assisted conception ( Tan . In the present series, no difference was found in NICU admission rate between the ICSI and control group, either for singletons, or for twins before and after matching for zygosity (Tables 1-3 ).
Considering neonatal parameters (Apgar score <5 after 5 min, assisted ventilation, intracranial bleeding, convulsions and respiratory distress syndrome), figures were comparable for study and control subjects, not only for singleton pregnancies, but also for twins, before and after the exclusion of like-sex twin pairs (Tables 1-3) .
As expected and shown in Table 4 , the results confirm once again the huge impact of twin pregnancies on perinatal health outcome, in agreement with many other studies (Luke and Keith, 1992; Keith and Oleszczuk, 1999; Martin et al., 2002) .
Conclusion
This large retrospective cohort study provides no evidence of a different outcome of ICSI singleton pregnancies in comparison with naturally conceived singleton pregnancies. For twin pregnancies, it shows that the outcome is also comparable between ICSI and natural conception pregnancies, except in the dizygotic different-sex twin pairs, where a higher perinatal mortality and a higher incidence of low birth weight and prematurity was found.
Couples considering ICSI treatment should be informed about the high risk of perinatal mortality and morbidity in twins compared with singletons. On the other hand, couples can be reassured about the risks for ICSI singletons, possibly with the exception of a higher risk for sex chromosome aberrations reported in some other studies.
